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(54) A system for braking and isolation of a hydroelectric turbine generator

(57) An electrical braking system is described for use
in an off-shore hydroelectric turbine generator. The brak-
ing system is operable to apply a short circuit across a
portion of the coils in the generator, which results in an
electrical load applied to the generator, causing a braking
torque to act against the turbine torque produced by the

motion of the rotor. As the generator is of a shaftless
construction, there is no damage caused to the generator
through the application of the short circuit. It is also de-
scribed how the braking system may be controlled either
locally or remotely, and how the system may act as part
of a fault protection system.
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Description

Field of the Invention

[0001] The present invention relates to a system for
the braking and isolation of a hydroelectric turbine gen-
erator, in particular to an electrical braking system for a
direct-drive shaftless permanent magnet generator.

Background of the Invention

[0002] With reference to Fig. 1, a direct-drive shaftless
permanent magnet hydroelectric turbine generator is de-
scribed in PCT Application No. PCT/EP2007/006258.
The generator 10 comprises a ring-shaped stator 12 and
a rotor 14, the stator 12 having a plurality of coils (not
shown) located about the circumference of the stator 12.
The rotor 14 comprises an inner rim 16, which defines
an open centre. The rotor 14 further comprises an array
of generally radially extending blades 18 captured be-
tween the inner rim 16 and an outer rim 20. The rotor 14
further comprises an array of magnets (not shown) dis-
posed about the outer rim 20. The stator 12 concentrically
surrounds the rotor 14, with the plurality of coils providing
a magnetic flux return path for the magnets.
[0003] The generator 10 is positioned in an area of
tidal flow, such that the motion of the seawater through
the generator 10 acts on the blades 18, resulting in rota-
tion of the rotor 14 within the stator 12. The motion of the
magnets relative to the coils of the stator 12 causes the
magnetic field generated by the magnets to induce an
EMF in each of the coils. These induced EMFs provide
the electrical power output from the turbine generator 10.
[0004] In the case of a detected fault, or for mainte-
nance purposes, it is often desirable to prevent rotation
of the rotor 14 and to immobilise the device. It is known
to employ physical frictional brakes to the rotor 14, in
order to stop movement of the rotor 14. Often, such
brakes will be actuated by control circuitry housed at the
generator location, communicatively linked with an on-
shore control station.
[0005] However, such frictional brakes can deteriorate
due to wear and tear, and often require onsite replace-
ment. Additionally, locally-based control circuitry often
requires detailed inspection and maintenance, to ensure
reliable operation. In the case of an off-shore hydroelec-
tric turbine generator, such maintenance operations of-
ten require the raising of the generator from its installed
location, which may occur during relatively rough sea
conditions. These maintenance operations require con-
siderable effort and expense, and can result in a partic-
ular turbine generator being offline from the grid for a not
inconsiderable amount of time, while maintenance is
completed.
[0006] Therefore, it is an object of the invention to pro-
vide a braking system for a hydroelectric turbine gener-
ator which allows for reliable operation with minimum
maintenance.

Summary of the Invention

[0007] Accordingly, there is provided an electrical
braking system for an off-shore hydroelectric turbine gen-
erator, the turbine generator comprising a direct-drive
shaftless permanent magnet generator having a plurality
of conductive coils and a plurality of magnets, the per-
manent magnet generator allowing for relative motion
between said plurality of coils and said plurality of mag-
nets, inducing an electromotive force in said plurality of
coils, wherein
the electrical braking system, responsive to a control sig-
nal, is operable to apply a short circuit across at least
one of said plurality of coils, such that a current is induced
in said at least one coil and an electrical load is applied
to said permanent magnet generator, resulting in a brak-
ing torque being applied to the hydroelectric turbine gen-
erator.
[0008] The application of a short circuit across some
of the coils in the generator provides for very fast elec-
trical braking of the turbine, allowing the brake to be used
in an emergency situation and for protection purposes.
The shaftless design of the generator and the cooling
action of the coils by the surrounding seawater allows for
a direct powerful short circuit to be deliberately applied,
with minimal possibility of damage. In addition, the con-
figuration of the system removes the need for additional
switchgear and/or isolation equipment in the sub sea lo-
cation.
[0009] Preferably, at least one of the plurality of con-
ductive coils of the permanent magnet generator is
formed by a conductor comprising a plurality of parallel
wires, and wherein
the electrical braking system is operable to apply said
short circuit across at least one of said plurality of parallel
wires.
[0010] The resistance presented to the current passing
through the braking system is dependent on the number
of wires shorted. Accordingly, the retardation torque
characteristic can be chosen to always exceed the tur-
bine torque, to ensure that the electrical braking system
will apply the braking action to the generator immediately
on activation.
[0011] Preferably, the number of said plurality of wires
across which said short circuit is applied is chosen such
that the braking torque generated by said permanent
magnet generator exceeds the turbine torque of the tur-
bine generator.
[0012] Preferably, the electrical braking system com-
prises a contactor adapted to be connected across the
output terminals of an off-shore hydroelectric turbine gen-
erator, and wherein said contactor is controlled by a con-
trol signal.
[0013] The use of a contactor having a control signal
to ensure "always on" operation ensures that if any in-
terruption occurs to the control signal, e.g. during trans-
mission, the braking action will be applied by shorting the
output terminals of the turbine. Additionally, this arrange-
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ment allows for isolation and earthing of the turbine during
installation.
[0014] Preferably, the electrical braking system com-
prises an electrical switching device and an actuator cir-
cuit to actuate said electrical switching device, wherein
said actuator circuit is controlled by a control signal.
[0015] The electrical switching device may comprise
an electronic switching device, or an electromechanical
switching device.
[0016] Preferably, the electrical braking system com-
prises a rectifier circuit, said electrical switching device
being located across the rectified output of the rectifier
circuit, wherein the input of the rectifier circuit is adapted
to be connected across the terminals of at least one of
said plurality of conductive coils.
[0017] Preferably, said electrical switching device
comprises a TRIAC. Alternatively, said electrical switch-
ing device is chosen from one of the following: a transis-
tor; or a thyristor.
[0018] The simplicity of the design of the electrical
braking system of the invention ensures that the system
can be constructed from simple, reliable components,
requiring minimal maintenance.
[0019] Preferably, said actuator circuit comprises a
reed relay having a coil, the coil of the reed relay con-
nected to said control signal, wherein said actuator circuit
is operable to actuate said electrical switching device if
supply to said coil is removed.
[0020] The use of such a reed relay construction allows
for high voltage isolation between the coil circuit and the
contact circuit.
[0021] There is also provided a hydroelectric generator
system having fault isolation, the system comprising:

at least one off-shore hydroelectric turbine generator
comprising a direct-drive shaftless permanent mag-
net generator having a plurality of conductive coils
and a plurality of magnets, the permanent magnet
generator allowing for relative motion between said
plurality of coils and said plurality of magnets, induc-
ing an electromotive force in said plurality of coils,
the off-shore hydroelectric turbine generator further
comprising an electrical braking system as claimed
in any preceding claim; and
a power cable adapted to connect the output of said
at least one off-shore hydroelectric turbine generator
with an on-shore power substation; wherein
the system further comprises at least one control
wire, said control wire embedded in said power ca-
ble, said control wire adapted to transmit a control
signal from said on-shore power substation to the
electrical braking system of said at least one off-
shore hydroelectric turbine generator, wherein said
control signal is operable to actuate said electrical
braking system to apply an electrical brake to said
off-shore hydroelectric turbine generator.

[0022] The use of a control wire between the substa-

tion and the generator allows for the remote control of
the generator electrical braking systems. Also, as the
control wire is embedded in the power cable connecting
the generator with an on-shore substation, this provides
for the application of emergency brakes to the generator
if a fault occurs at some point along the power cable.
[0023] Preferably, the off-shore hydroelectric turbine
generator further comprises a power line transmission
module, said power line transmission module operable
to impress a modulated carrier signal on said at least one
control wire, for transmission of data to said on-shore
power substation.
[0024] The provision of the transmission module al-
lows for the control wire (used to operate the electrical
braking system) to be used to transmit information from
the generator back to an on-shore power substation. This
removes the need for additional signalling technology or
transmission lines from the off-shore generator to the on-
shore substation.
[0025] Preferably, the power line transmission module
is operable to impress a low-frequency AC signal derived
from at least one of said plurality of conductive coils onto
said at least one control wire, said low-frequency AC sig-
nal representative of the RPM of the turbine generator.
[0026] This allows for the RPM (Revolutions Per
Minute) of an individual turbine generator to be easily
monitored. The RPM of a turbine can provide an indica-
tion as to the existence of a fault at the turbine.
[0027] Preferably, the system comprises an array of a
plurality of said off-shore hydroelectric turbine generators
and a plurality of control wires, and wherein the electrical
braking system of each off-shore hydroelectric turbine
generator is coupled with a dedicated control wire of said
plurality of control wires, wherein the hydroelectric gen-
erator system is operable to apply an electrical brake to
a subset of said plurality of off-shore hydroelectric turbine
generators.
[0028] As each turbine generator has a dedicated con-
trol wire, this allows for the selective braking of an indi-
vidual turbine or a subset of turbines in an array, e.g. if
it is desired to take a particular turbine off-line for main-
tenance purposes.
[0029] Preferably, said at least one control wire is im-
plemented as a single-wire earth return circuit, wherein
seawater at said off-shore hydroelectric turbine genera-
tor is used as a return path for current.
[0030] The use of a single-wire earth return circuit
means that only a single control wire is needed for the
braking system. Also, loop resistance is reduced.
[0031] Preferably, the system further comprises a sec-
ondary switching element, the secondary switching ele-
ment located at an on-shore substation, wherein the sec-
ondary switching element is operable to apply a short
circuit across the output of the power cable, wherein the
resistance of the power cable acts as a braking resistor,
and wherein a current is induced in said plurality of con-
ductive coils and an electrical load is applied to said per-
manent magnet generator, resulting in a braking torque
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being applied to the hydroelectric turbine generator.
[0032] The implementation of the secondary switching
element allows for a braking operation to be remotely
enacted without sending any control signals off-shore.

Detailed Description of the Invention

[0033] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings, in which:

Fig. 1 shows a known shaftless hydroelectric turbine
generator;
Fig. 2 shows a representation of the torque forces
present during a braking operation;
Fig. 3 shows the electric braking system according
to the invention as implemented in a hydroelectric
turbine generator;
Fig. 4 is a graph showing the braking characteristic
of a sample implementation of the system of Fig. 3;
Fig. 5 is an alternate implementation of the electric
braking system of Fig. 3;
Fig. 6 is a graph showing the braking characteristic
of a sample implementation of the system of Fig. 5;
Fig. 7 is a representative circuit diagram of the sys-
tem of the invention once a braking operation is ap-
plied;
Fig. 8 is a cross-section of a power cable having an
embedded control wire, according to the invention;
and
Fig. 9 is a representative circuit diagram of a control
circuit for the electrical braking system of the inven-
tion.

[0034] The invention provides for an electrical braking
system to be used in a hydroelectric turbine generator.
Electrical braking involves applying an electrical load to
the generator that causes the generator torque to exceed
the torque produced by the turbine at the prevailing tidal
flow. The rate of deceleration is determined by the differ-
ence in torque and the moment of inertia of the rotor and
the entrained water.
[0035] As the generator 10 has a shaftless construc-
tion, the use of an electrical braking system will not result
in damage to drive train components. As a result, with
reference to Fig. 2, the outer ring of the rotor 14 is sub-
jected the two distinct torques as shown - the turbine
torque 22 and the generator torque 24. The risk of dam-
age to the components is related to the shear stress gen-
erated by the applied torques 22,24.
[0036] The turbine torque 22 is the same as occurs
under normal operation of the generator 10, due to the
motion of the rotor 14 within the stator 12 housing, and
which the generator 10 is designed to carry. The gener-
ator torque 24 is created during the braking operation,
when an electrical load is applied to the generator 10,
which results in the generation of a generator retarding
torque 24 that acts against the turbine torque 22. As long

as the generator torque 24 is greater than the turbine
torque 22, the rotor 14 will slow down to a very low speed.
[0037] With reference to Fig. 3, an embodiment of an
electrical braking system according to the invention is
indicated in dashed outline at 30. The electrical braking
system 30 is provided across the terminals of a coil 32,
which is located in the stator 12 of a hydroelectric turbine
generator 10. Four diodes 34 are arranged in a rectifier
bridge configuration across the terminals of the coil 32,
providing for conversion of the AC output wave from the
coil 32 into a DC output at output terminal 36, for trans-
mission.
[0038] The electrical braking system 30 shown in Fig.
3 comprises a thyristor 38 connected in parallel with a
reed relay 40 and a relay resistor 42, the reed relay 40
connected across the Gate-Cathode terminal of the thy-
ristor 38, the relay resistor connected across the Anode-
Gate terminal. A series of diodes 44a,44b are provided
in the electrical braking system 30 in a rectified arrange-
ment, to allow for a rectified voltage to be provided across
the Anode-Cathode terminal of the thyristor 38 during
both positive and negative half-cycles of the induced
EMF in the coil 32.
[0039] A reed relay is chosen, as such a relay provides
high voltage isolation between the relay coil circuit and
the contact or switch circuit.
[0040] A control signal is provided to the coil of the
reed relay 40 such that, during normal operation of the
turbine generator 10, a current in the coil of the reed relay
40 maintains the contained reed switch in a closed state.
As the reed switch is closed, this shorts the Gate voltage
of the thyristor 38 to the diodes 44b, and sustains the
Gate voltage at the same potential as the Cathode volt-
age, maintaining the thyristor 38 in an "off" state, and
preventing conduction through the thyristor 38. The gen-
erator 10 operates as normal, with the voltage generated
across the terminals of the coil 32 rectified by diodes 34,
and output via terminal 36.
[0041] Once a braking operation is desired, supply is
cut to the coil of the reed relay 40. As a result, the con-
tained reed switch is opened, and a positive voltage po-
tential is provided at the Gate terminal of the thyristor 38
with respect to the Cathode. The positive voltage at the
Gate switches the thyristor 38 into the "on" state, allowing
for conduction from the Anode terminal to the Cathode
terminal.
[0042] As the thyristor 38 is "on", this presents a short
circuit across the thyristor terminals, which is presented
as a short across the terminals of the coil 32. As a result
of the short circuit, the coil 32 carries current, which de-
velops electrical power in the resistance of the coil 32.
Accordingly, the generator 10 produces a corresponding
retarding torque 24, which acts against the turbine torque
22.
[0043] With reference to Fig. 4, the braking perform-
ance is illustrated for a sample hydroelectric turbine gen-
erator configuration. The graph is generated for a 5MW
turbine delivering power 5km to shore through a 2kA,
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50kV cable. The turbine has a shaftless permanent mag-
net generator, comprising 288 coils each with 313 turns
of conductor, the conductor comprising 6 parallel wires
each 1mm in diameter. The coil develops an EMF of
1060Vrms at a frequency of 14Hz when the turbine rotates
at 4rpm. The coil resistance is 2.3Ω and inductance is
180mH.
[0044] Fig. 4 shows how the total retardation torque
due to the full set of 288 coils varies with the rotational
speed, i.e. where the electrical braking system 30 is op-
erable to apply a short circuit across each of the coils 32
in the generator 10. The graph of Fig. 4 shows the coil
current, C; the braking torque (or generator torque), BT;
and the turbine torque produced by the generator as a
function of speed, when the velocity of the tidal flow is at
its maximum rated value (the torque model), TM.
[0045] At low speeds the coil current C is limited prin-
cipally by the resistance of the coil 32. At higher speeds
the higher frequency leads to increased reactive imped-
ance due to coil inductance, and as a result the braking
torque BT at high speeds reduces with increasing speed.
From the graph, it is apparent that under some conditions
the turbine torque TM exceeds the braking torque BT of
the electrical braking system 30, and the turbine will ac-
celerate to approximately 5.5rpm in the system illustrat-
ed.
[0046] However, if the turbine is allowed to rotate for
a period of time, the relatively high short-circuit current
will raise the temperature of the coil windings, and as a
result the coil resistance will increase. Once this hap-
pens, the braking torque will increase to a point where
the braking torque exceeds the turbine torque, and the
turbine will be brought to a low speed.
[0047] In general, the presence of the surrounding sea-
water helps to prevent the overheating of the coil wind-
ings. However, if it is desired to provide a braking system
that ensures that the coils 32 do not overheat, this can
be achieved through an alternative arrangement of the
electrical braking system 30.
[0048] With reference to Fig. 5 of the accompanying
drawings, an alternate braking arrangement is shown.
Here, the electrical braking system 30 is provided across
a subset 46 of the wires in the conductor of the coil 32,
with the remainder of the wires 48 of the coil conductor
connected to the output terminal 36 via a rectifier bridge.
In the example shown, the electrical braking system 30
is connected to 3 of the 6 wires in the conductor. As a
result, due to the reduced conductive area, the resistance
presented to the current passing through the electrical
braking system 30 is doubled.
[0049] Fig. 6 shows the braking performance for the
turbine generator having the characteristics described
above, when the electrical braking system 30 is connect-
ed as shown in Fig. 5. It is apparent that the generator
braking torque BT has increased, and the turbine torque
TM does not exceed the generator torque BT at any point.
In this case, the turbine would slow down immediately
as the braking operation is performed. However, the equi-

librium speed for the short circuit state would be approx-
imately 0.2rpm, as opposed to 0.1rpm in the case where
the entire windings of the coil 32 are shorted.
[0050] The combination of the shaftless design of the
generator 10 and the cooling action of the coils 32 pro-
vided by the seawater allows for a direct powerful short
circuit to be applied to the generator 10 without fear of
damage. The system provides for very fast electrical
braking of the turbine, allowing the brake to be used in
emergency situations and for protection purposes. In ad-
dition, as remote-access control of the turbine generator
is provided, this removes the need for additional switch-
gear and isolation equipment to be located at the gener-
ator’s installation site.
[0051] With reference to Fig. 7, the generator torque
is associated with the power developed within an applied
load such as a braking resistor plus the internal losses
in the machine. If a short circuit is applied then it is only
the internal losses that apply.
[0052] If the machine is rotating at angular speed ω,
then each coil has an induced EMF with electrical angular
frequency pω and rms voltage kω.
[0053] The generator torque is calculated as follows
using the equivalent circuit for a typical winding coil. The
braking resistance shown is equal to the ohmic value of
a real resistor applied to the entire generator multiplied
by the number coils connected in parallel; in this way the
effect of the braking resistor on a typical coil is repro-
duced.
[0054] The total impedance is 

[0055] The current is 

[0056] The power loss in the circuit is 

[0057] The power is equal to the product of the speed
and the electrical torque. For a total of N coils, the total
electrical torque is:
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[0058] While it will be understood that the control signal
can be provided locally, in a preferable embodiment the
current of the control signal is provided through a control
wire from a remote location, i.e. an on-shore substation.
With reference to Fig. 8, the control wire 50 is preferably
embedded in the power cable 52 that connects the off-
shore hydroelectric turbine generator with the on-shore
power substation. As a result, if a fault or a break develops
in the power cable 52, the control wire 50 is also broken.
Therefore, the electrical braking system 30 is activated
as a fail-safe feature in the event of a fault in the power
cable 52.
[0059] It will be understood that the control wire 50 may
be located towards the outer layers of the power cable
52, so that any damage to the cable 52 breaks the control
circuit and therefore applies the electrical brake, before
the main power conductors are affected.
[0060] A sample connection diagram for the control
circuit of the electrical braking system 30 is shown in Fig.
9. Here, the reed relay coils 54 located at the turbine
generator 10 are connected in series, and supplied with
the control signal transmitted from the on-shore substa-
tion 56 through the control wire 50 embedded in the pow-
er cable 52. Once the supply to the coils 54 is cut (either
through a fault in the cable 52 or the removal of the on-
shore supply due to a braking requirement), a short circuit
is applied across the terminals of each of the coils 32 of
the stator 12. The corresponding braking torque that is
generated causes the braking of the turbine.
[0061] A sample configuration comprises a coil circuit
comprising 288 coils connected in series, each coil hav-
ing 320 turns of 0.45 diameter wire having a resistance
of 1.6Ω. The set of 288 relay coils is supplied with a cur-
rent of 320mA from a DC power source at the on-shore
substation. The conductors between the on-shore station
and the turbine generator are 1mm2 cross-section, and
for a power cable length of 5km, the resistance of each
of the control wires is 85Ω. The complete circuit resist-
ance is 635Ω, and the voltage required to drive the cur-
rent through the circuit is 200V.
[0062] While the circuit of Fig. 9 shows a requirement
for two control wires 50 to complete the control circuit, it
will be understood that the control circuit may be imple-
mented as a single-wire earth return circuit, wherein the
seawater present at the off-shore hydroelectric turbine
generator is used as a return path for current. This con-
figuration means that only a single control wire is needed
for the braking system, which reduces cost and complex-
ity of the power cable 52 used. Alternatively, the second
control wire that would have been used as the return path
for the circuit may now be used as a control wire for a

second turbine generator.
[0063] The provision of the control wire 50, connecting
the turbine generator 10 with an on-shore-substation,
provides for a possible communications channel for the
transmission of data from the turbine generator 10 back
to the on-shore station. For example, the off-shore hy-
droelectric turbine generator 10 may further comprises
a power line transmission module, the power line trans-
mission module operable to impress a modulated carrier
signal on the control wire 50, for transmission of data to
the on-shore power substation. This removes the need
for additional signalling technology or transmission lines
from the off-shore generator 10 to the on-shore substa-
tion.
[0064] In one example, the power line transmission
module may be operable to impress a low-frequency AC
signal derived from a conductive coil on the stator 12
onto the control wire 52, wherein the low-frequency AC
signal is representative of the RPM of the turbine gener-
ator 10. Furthermore, a coil on the generator 10 may be
isolated from the remainder of the coils 32, with the iso-
lated coil connected between earth and the control wire
50. This minimises the use of control wires 50 for a single
turbine, allowing for the other control wires 52 to be used
for other turbines in the array. This allows for the RPM
of an individual turbine generator to be easily monitored.
Monitoring the RPM of a turbine can provide an indication
as to the general operation of the turbine, e.g. the exist-
ence of a fault at the turbine generator preventing the
turbine from rotating as fast as it should.
[0065] Alternatively, the low-frequency AC signal may
be transmitted over a dedicated control wire 50 embed-
ded in the power cable 52.
[0066] In the embodiments described above, an elec-
trical braking system 30 for a single turbine generator 10
has been described, the operation of the system 30 being
controlled by a single control signal, provided by a single
control wire 50. However, it will be understood that in
cases where an array of turbine generators 10 are pro-
vided, the control scheme may be altered depending on
the requirements. For example, the electrical braking
systems 30 for each turbine generator 10 in the array
may be controlled by the same control signal, allowing
for a simultaneous braking of all turbines in the array.
Alternatively, a separate control wire 50 may be provided
for the electrical braking system 30 of each turbine gen-
erator 10. Combined with suitable blocking diodes, or by
virtue of the blocking functionality provided by rectifiers,
this would allow for the selective braking of individual
turbines in the array, without applying a brake to any other
turbines.
[0067] When a braking operation is desired, the elec-
trical braking system 30 is operable to cut supply to the
coil of the reed relay 40, as described above. It will be
understood that this variation of the control signal may
be generated remotely, e.g. through variation of the DC
supply from the on-shore substation, or it may be gener-
ated locally, i.e. at the generator 10 itself, e.g. via a Pro-
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grammable Logic Controller (PLC) or a protection relay
working on predefined settings, and capable of receiving
commands via a fiber optic transmission line, and deriv-
ing energy from an onboard battery.
[0068] It will be understood that alternatives to thyristor
38 may be used, for example a TRIode for Alternating
Current (TRIAC), a transistor, or a contactor.
[0069] The embodiments above show the electrical
brake applied to the AC terminals of the turbine generator
10. Alternatively, the electrical brake may be applied
across the DC terminals 36 of the generator 10. If the
electrical brake is applied across the DC terminals 36 of
the generator 10, the short circuit will also connect both
poles of the generator 10 to earth, thus providing an elec-
trically isolated system, which is safe to operate on, e.g.
for maintenance purposes.
[0070] In a further embodiment, a secondary switching
element may be provided at a remote location, e.g. at
the on-shore substation. The secondary switching ele-
ment may be operable to apply a short across the DC
voltage output received through the power cable 52. In
this case, the resistance of the power cable 52 acts as a
braking resistor to slow down the motion of the turbine.
The primary advantage of this configuration is that brak-
ing operations can be remotely enacted without sending
any control signals off-shore, and without relying on any
components that cannot be immediately accessed with-
out considerable effort, e.g. if there is a failure in some
of the components of the electrical braking system 30
which are housed at the turbine generator 10.
[0071] The invention is not limited to the embodiments
described herein but can be amended or modified without
departing from the scope of the present invention.

Claims

1. An electrical braking system for an off-shore hydro-
electric turbine generator, the turbine generator
comprising a direct-drive shaftless permanent mag-
net generator having a plurality of conductive coils
and a plurality of magnets, the permanent magnet
generator allowing for relative motion between said
plurality of coils and said plurality of magnets, induc-
ing an electromotive force in said plurality of coils,
wherein
the electrical braking system, responsive to a control
signal, is operable to apply a short circuit across at
least one of said plurality of coils, such that a current
is induced in said at least one coil and an electrical
load is applied to said permanent magnet generator,
resulting in a braking torque being applied to the hy-
droelectric turbine generator.

2. The electrical braking system of claim 1, wherein at
least one of the plurality of conductive coils of the
permanent magnet generator is formed by a conduc-
tor comprising a plurality of parallel wires, and where-

in
the electrical braking system is operable to apply
said short circuit across at least one of said plurality
of parallel wires.

3. The electrical braking system of claim 2, wherein the
number of said plurality of wires across which said
short circuit is applied is chosen such that the braking
torque generated by said permanent magnet gener-
ator exceeds the turbine torque of the turbine gen-
erator.

4. The electrical braking system as claimed in claim 1,
2 or 3, wherein the electrical braking system com-
prises a contactor adapted to be connected across
the output terminals of an off-shore hydroelectric tur-
bine generator, and wherein said contactor is con-
trolled by a control signal.

5. The electrical braking system as claimed in any pre-
ceding claim, wherein the electrical braking system
comprises an electrical switching device and an ac-
tuator circuit to actuate said electrical switching de-
vice, wherein said actuator circuit is controlled by a
control signal.

6. The electrical braking system of claim 5, wherein the
electrical braking system comprises a rectifier circuit,
said electrical switching device being located across
the rectified output of the rectifier circuit, wherein the
input of the rectifier circuit is adapted to be connected
across the terminals of at least one of said plurality
of conductive coils.

7. The electrical braking system of claim 5, wherein
said electrical switching device comprises a TRIAC.

8. The electrical braking system of claim 5 or 6, wherein
said electrical switching device is chosen from one
of the following: a transistor; or a thyristor.

9. The electrical braking system of any one of claims
5-8, wherein said actuator circuit comprises a reed
relay having a coil, the coil of the reed relay connect-
ed to said control signal, wherein said actuator circuit
is operable to actuate said electrical switching device
if supply to said coil is removed.

10. A hydroelectric generator system having fault isola-
tion, the system comprising:

at least one off-shore hydroelectric turbine gen-
erator comprising a direct-drive shaftless per-
manent magnet generator having a plurality of
conductive coils and a plurality of magnets, the
permanent magnet generator allowing for rela-
tive motion between said plurality of coils and
said plurality of magnets, inducing an electro-
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motive force in said plurality of coils, the off-
shore hydroelectric turbine generator further
comprising an electrical braking system as
claimed in any preceding claim; and
a power cable adapted to connect the output of
said at least one off-shore hydroelectric turbine
generator with an on-shore power substation;
wherein
the system further comprises at least one control
wire, said control wire embedded in said power
cable, said control wire adapted to transmit a
control signal from said on-shore power substa-
tion to the electrical braking system of said at
least one off-shore hydroelectric turbine gener-
ator, wherein said control signal is operable to
actuate said electrical braking system to apply
an electrical brake to said off-shore hydroelec-
tric turbine generator.

11. The hydroelectric generator system of claim 10,
wherein the off-shore hydroelectric turbine generator
further comprises a power line transmission module,
said power line transmission module operable to im-
press a modulated carrier signal on said at least one
control wire, for transmission of data to said on-shore
power substation.

12. The hydroelectric generator system of claim 11,
wherein the power line transmission module is op-
erable to impress a low-frequency AC signal derived
from at least one of said plurality of conductive coils
onto said at least one control wire, said low-frequen-
cy AC signal representative of the RPM of the turbine
generator.

13. The hydroelectric generator system of any one of
claims 10-12, wherein the system comprises an ar-
ray of a plurality of said off-shore hydroelectric tur-
bine generators and a plurality of control wires, and
wherein the electrical braking system of each off-
shore hydroelectric turbine generator is coupled with
a dedicated control wire of said plurality of control
wires, wherein the hydroelectric generator system is
operable to apply an electrical brake to a subset of
said plurality of off-shore hydroelectric turbine gen-
erators.

14. The hydroelectric generator system of any one of
claims 10-13, wherein said at least one control wire
is implemented as a single-wire earth return circuit,
wherein seawater at said off-shore hydroelectric tur-
bine generator is used as a return path for current.

15. The hydroelectric generator system of any one of
claims 10-14, wherein the system further comprises
a secondary switching element, the secondary
switching element located at an on-shore substation,
wherein the secondary switching element is opera-

ble to apply a short circuit across the output of the
power cable, wherein the resistance of the power
cable acts as a braking resistor, and wherein a cur-
rent is induced in said plurality of conductive coils
and an electrical load is applied to said permanent
magnet generator, resulting in a braking torque being
applied to the hydroelectric turbine generator.
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